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rIHEREis but liti-le doutbt that soiime ofthle most imiportant
(onitriblftions tomehliciiein the last few Years have come

throuiglh thle study of dietetics and nutrition. Advances in
knowi-ledge of these sulbjectslhax-e affected, or ought to have
iffected, tme health of all m likind. I propose, therefore,
a1s one whose lot it hals been tob3e intimately connected
u-itli 11m estigatiotlis on thlis suibject, to relate something of
the muork that has beeni carried out ini recent Vears. The
lImited time at my disl)osal only allows ofa. cursoryglance
at afeew of the problems, but nevertheless propOse to
draw attention. niot onlv to points which, fromi a, practical
aspect, may be- regarded as settled, but also to results
whllicvh sluggest that ther e are otller- patlhological coniditionis
in whIichl it is probable that dietetics will be founld to play
a (lomiiauit W)liat.

What I want to (1o in this lecture is to give evidelnce
whlicih shows that (liet, in additiou to supply-ing uiaterial
for gr-owth anmd maintenance of the body and the necessary-
energy for tIme performance of its work, also colltains two
groups of substances-one which tends to produce pathio-
logical changes anid ill health, and the otlher- whiclh helps
the bodyl to l-rotCct itself, -not only agaiinst these toxic
factors, bti also against othelr disease-produicing agelmts
such, as miCiro-organisms.
,/I (o1 not proposC to .liseiiss tIme energry-bearing constitui-
cnts of diet naely, pr oteins, fats, annd earholmovdrates.
It is, of course, necessary thalt the aniouimt of food eaten

mullst conitaium a certain ininmmli of energy according to

the work performied atid heat lost by the individual. It is

allso trite t hat tlhese energy-bearing sub.stances must ilnelude
a minimumlal of biologically available pr(otein botlm for growth
amld for miaintenance. Tihese aire truisnms which -ill always-
hiold', whbatever rev'olutionary discoveries ml1ay 1he miade ill

tlIe futuri-e iii (lietetics.
The hisitory of the relatioin of food to diseas;e as iumiti-

ated 1b tw o discoveries. One was time wzorlk of Eijkman,
wlho plroved in 1897k that beri-beri was diie to the absence

fi-om tIme (liet of a substaince fouind in imany foods, limit

especially inl tIe gerim- of cereals, anid kiiowrn later as the

ati-ber-beni, or the antiieuiritie, vitamini, us9ually- desciribed
at the present time as vitamini B1. The other was tlhe (lis-
cov-er y- of lholst witd Fr6lihit in 19072 that fresh foods,
especially- fru1its anidl vegetables, contfainied a subistalice ilm

wh.ose absence froml- the diet time disease kniow-ni as scurvy
develohped. ThVis substance is now knowit as tlIe anti-
scorbutid v-itamin, or vitant iii C. Bothl tltese discoveries--
the one whtiecli l ( to the establishniciut of the etiology of

beri-berl, an'd time otller to time etiology of s-cuirvy have

hxee-i of grealt priactictl ,sigtuificaicee in thjeminselves; but, for
the miomienit, whaut I Wish to emphasize i tltit 1lmev led to

a iiewi- angle of thouiglt-ianmelv, that dietetic (ollstitlielnts,
presenit nmlamhe in infinitesimal amrouniits, are essential to
the imainteniance of healtlh. Indeed, thcey le(d to iiti-estiga-
tions which ultimnately niadie it clear tlalt ultmanv of the

commiotner diseases of civilized iiman had a dietetic factor
as a b.asis.

N(i}l(t' )Pli-lelA 1101' St'l11ii'l', is ( 1S;S \li-li;C llN e,ither heni-ber a disease( which is comi-

monlv fouidii( in Africa or- Er'opl)e. Both are (diseases asso-

ciated w-itlh ty-pes of restricted diets uncomtmnomi in these

conitinentls --the one(oed)etpedlim ulpon the consumptioni of an

unbahanledl diet of mna.lufacturel cereals treated in such a

way as to lose the germ anid the pericarl) of the grain, and

the other upoii the absence of fresh food, especially of
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fresh fruiti and1 vegetables. liave, it is trutIe, seeni a

certain anioiinit of scurvy since comling to Africa, especially
iii the lnatives associate(d itli the gold-mnining industry,
bultthlese cases were few innumiber, and Ithlink that th e

nmedi.cal officers in clhar gelhave the disease iund(ler control.
As regards beri-beri, I (10 not tliink there is mnuch

daniger of thisbccomiing a practical problem of anymagnii-
tude in Africa so lonig as the staple diet of tlhe natives
is wA-hlole unprepared miiaize, altlihoighi, as I slhall exilain
later, it seems tome likely that this formal of dietair 1m1ay
lead to ill leialth because of certain toxic actions of celeals
wvhose effects cani be, anid probably ofteni are, prevented

hlv other food conlstituienlts.
In order' to slpl)ly evidence that foo)ds commnonly eatcn

lbv mankind incilu(de both protective and hiarm1ful elenI11euts,
1 propose t-o refer to tlree pra.ctical problemns': (1) the coil-
ditioni of the bones an(d teeth the suseeptibilitv of the
former to rickets and the latter to caries; (2) d gellertative
changes in the central nervous svstem (3) the liability of
hulmran beings to infection of the lungs-, ears, niasal sinuns-s,
genito-urinary tra t, tC. Speaking as ani inv-estigator, it

is prolbably snperflnous for ine tosay that the resutlts I shall
describe, even wi-hen I relate theim to disease in hunman
beings, are the oUtCoine of anlimal experiments. Only by
meanis of sulCh experiments is it possible to track (lown
step by

5 step almd ultimately isolate the age1it responsible
for the plhenom1ienon Under investigation. When the resuilt-
of animi1al experimentationi become clear, it is theni possible
to test the beiieficial effects as deduced on huimiani beings.

DIETETIC FACTO1S RESPONSIBLE FOR WELL CALCIFIED AND

DEFECTI1VELY CALCIFIED) BONFS AND TEETH.
Work *of thie last twvelve years has elecared up to a sur-

prising degree the factors resp)onsible for well anid badly
calcified boines land teetlh. It may lb wvell to observe,
how-ever, that, although the lpractical p)roblemi is so fat
a_dvanced that there is niow no excuse for the appearanee of
rickets or dental hypoplasia in any imormal child, there is
practically no knowledge as to the intimiate mn-ode of action
of the specific dietary constituents oni the bones andI teeth.
4_{ar the most im-portant factor producing i-ell calcified

bones anid teeth is vitaiiiii D. It seemis not uinreasonable
to,say that, nio matter -what the conistituents of the diet-
assunmimg, of coirse, that they ar e natutral foods a suiffi-
cienlCy- 4 vitaiiAjin D will enisure perfec calcification of
bonies and teetJh. Qf cou;rse, since these tissti-rs are lar-gely
imade up of calciumiii phlosphate, it is necessSary that tlhere
shlouldl( b.e -<soaecmlcitumi and phosphorus in th-e fQod, but
thle amiount can besb risigly low- and yet. witlh an
abundaice of vit-ai-imi D, thley will be retained in tile body
ani(l in carpiorated in the tissues. Oim the othler lianid, if
tlle vitamiinl D initake is very (leficient aind the body is not
exl)ose(l to suimilight, however much calc-iumn andplh)osphiorlus
there is in thle diet, defectivelv calcified teetlh aui(I bones
will rcsnlt. Ther e are iccasiths. hiowN-ever, when the in-

fl1uence of the calciuml-i andllphosplioruis intake is of greater
imiportance-for instance, whlien the vitamint D intake is

mi(l.ermite but inlsuflic<ieint ifi amiounit. 'TIe best examp)le
of thiis is scvn wc11li the iain dietetic conistituent cai rvinig
vaitiin D is buitter, a foo( colintaining an irreg,ular buit
usually comparatively small aimouint of the vitamin. In
thi e circuimstance the, addition of cakiuimn salts, either as

caribonate or phosphate, resuilts in great improvement of
boties and teeth. It wou¾-d he expected from this statement
that the alcifvil g properties of whole milk would be
greater tlhani those of the butter which cain be prepared
fr-om it. This is certainly the case, partly becauise a little
of the vitamini D i.s left behind in the separat-ed milk and

al,o hecause most of the calciulm of the milk remains after
tile separation of the butter.

T'he relationi of vitamin D and( cakiniiii and phosphorus
intake oni calcificatioii 4ewn be briefly summarized as follows:
(1) Whlleni the vitamiini D iintake is hiiglh and the calcium
aid(l phosphorus intake low-, lperfect calcification of bonies
ann(lteeth ill ensue. (2) Wen thle itarin D intake is

mioderate, incereasinig the calcium-i and phosphorus initake

will improve the calcification of bone.s anid teeth. (3) Wt1heni
the vitamin D initake is very low-, however high the calcium
and( phosphomnius intake, in-mperfect, calcification of bones and'd
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teetlh will result, although niot as imperfect as would lhave
been the case had the calciumi initake been low.

So far only those food factors aidinig cnlcification lhave
beeni mentioined. One groupj of food.s, however, is out-
standing because it interferes witlh the deposition of calci-
fv-ing salts in bones and teetl. Those foods are the cereals.l
ThSereis a wide difference betwee'n cereals in this respect.
F^or instance, so far as anlimal experimnenlts are eGiicel-ied,
oatmleal is the worst of all examined, and white flour
iiiterferes least writh the calcifyinig procce,s. IliltermedlIte
between these are miaize, rye, barley, anid iice. rihe emlibryo
or geianqfjvhLIeat and lmaiie6,--m-prbliably of other grains,
has this banefu.ll effect more developeed thani the enidosperini.
The geri of rye has vitanmin D (in small quanitities) as well
as thle substanice inteirfering with calcificationi, anid these
actioiis -cani be separated owing to thle solubility of
vita.inl D in alooll. In spite of great endeavouir, it hias
so far proved iminpossible to obtaini informiiationi as to the;
chiemiiical nature of the substanice responisible fol this effect
of cereals. It is niot associated witlh the carbohydrate nior
witli thie fat. There is a possibility that it is in some wavy
hoind up withi a lpiotein, but this is by no meanis certainl.
As regairds this aniticalcifying effect of cere.als there is onie
poinit I should wishi to emphasize. becauise I believe it is of
local initerest in Keiiya. Muchl has beeni saijd in r'ecent ycaris
as to the significance of the mliineral contenit of the diet,
and various diseases of cattle lhave been ascribed to defi-
cienicies of these, especially of calciumii, p)haspliorus, andt
io(dine. Noow I have stated that of all cereals anid cereal
products tgdste atmne-la nd iain eih1o ee im&st
stronigly witlh tlle deposition of calciuiii anid ph1osplhoruts in
bones anld teetlh. It is a1iisaj~ate time wellA known.-that
these graini products are far richer ill calciuiii anid phosphorus
tlhaml such a substanlee, for instance, as wlhite floui. 'hus
we lhave foods whliclh while they conitaini a mlore abuniidant
supl)lv of Ca anid P, miiay ini the absence of sufficient
vitanmin D result in a smaller retention of tliese elemilenlts
in the growing bones and teetlh. In othler words, a g cater
deficienc-6y- of calciuiii aniid plhos)phorus in the bo,dy7 caull be
brough,lt about bv diets which actuallI coitai-- more of
these substances, so tlhat ani anlalysis of minieral initake milay
be quite miiisleadinig as to the ffficacv of a diet iii adequatei
supplying these substainces to the tissues.

It miiay be well to emphasize, however, that the calcifyinig
effect of vitamini D, whether it foriims part of the diet or
wlhetlher it is supplied to the body a.s tlhe result of the
activation by sunliglht of ergosteiol in tlhe skin, will always,
if l)resciit in sufficient quantity, antagoiiize the. aniti-
calcifyinig effect of cereals. Tlhus, althiouLglh the diet of
the inative is largely conp-o-se(ld o0f naize-, so loiig as hlis slilli
is un1iprotected fr oiii the sunii's r'ays hlis bomies anld teeth V
will reminaini well calcified. If, in the coulrec of 'hiis civiliza-
tion, lie adopts European habits of clothiimig, especially in
cliildllood , thlen hlis bones anid teetlh iiiay be as b1;adly
calcified as ar c those of the average Europeani. Oni the
otlher hand, wlheni Europeans l)rovide abundant vitamimi D
in the diets of tlheir chlildlreni, jllust so Soon1 will tlleir teeth
amid bonies approximiate in structure to those of the iiative
as founid at preseni-t.

Carecs of the Teethath( Diet.
Europeaii teetlh alre generally badly calcified, andi( it woul(ld

seem likely that this defectivte calcificationl is in solmie way
related to calies. When teetlh are A-ell calcified, as in thle
average Aflricani niative, tlhey are whlIite an.d shimmy, ad
evenly arr aiigedl in power-ful \well-g rowiv jaws. In thle
Europeani oiily too ofteni are the teeth dliscolouredl, rougl,
anltl unevenly arr-aiiged. The followiiig table gives an idea
of tlle genieral relationiship betw-eeni tlle structure of teeth
alnd susceptibility to caries in the case of Eiiglislh chlildreni.

The RPclitiont of Structure to Caires in 1,03( Dcciduous Teeth
of Enqllish C'hildrenc.

Teeth. Defective in Carious.
StruclCtUre.

[icisors . .. ... 14.4 per cemit . ...... 20.8 per ceiit.J
Caniiines .[ 4.5 v,) ...... 46.2 I
First molars ... 73.1 ...... 81.9 p,Secomid imiolars ... 91.9 ,, ...... 87.1 ,

The teetlhi were first, examiinied for ca.ries, and were thenl
groundii doii-i to thinl slices anid their miiiiute structure
deternilned by microscopic examiniation.

It will be seenl from this table (1) that both caries and
defective str uctur e are very common, (2) that the least
defective in structure (the inicisors) are the least cariOUs,
while the niost (lefective in structure (the molars) are the
mllost carlious.
As a mattel of fact, these inivestigations made by May

Mellaibl)y showedh that, although on the whiole there was a,
close relatiomislhip betweeni the structure of the teetlh aiid
caries, -this was nlot -absolute, for there were about 10 per
cent. exceptionis.3 Thus some teetlh were imperfect in
structure aiid yet free from caries, while others were good
in stiuicetui e anid yet carions. The probable explaination
lof this was again brouglht to liglht by aninmal experimenit.
j It is well kiniowvn to all that teethi wear downi as the resuilt
of attr'itioin accordimig to the degree of hardness of tlle food
eatenm. In rmesponse to attr itioni the teeth n ori-iiallv r.eact
by producing a layer of secondary denitine adjacemit to the
demitzl p)ulp. By this miieans the pulp is protected from
dir ect exposur e to the food. It was founid in dogs that
the type and amounilt of secondary dentinie produced as the
result of artificial attrition depenided on the type of food
eaten at the tinie. Thus a diet of high calcifyimlg qualities
resulted in abunidanit well-formed secondary dentiiie, wlhile
a diet of poor calcifying qualities-that is, one witl
deficiemit vitamiiin D amid mucih cereal-produced either nio
secondary dentiiie or a poorly calcified type of this tissue.
Now humani teetlh wheni attacked by caries also reslponid by
producing secondary dentine, which may be abunidanit and
well formiied or deficiciit anid 'badly formed. When thle
exceptioiis in- the childrein's teeth were examined fromii the
l)oinit of view of secondlary denitine it was usually found
that badly formled teeth (l)riinary dentine anid eniamiiel)
wlhenl free fr omii car ies lhad well-formed seconidarv (lentiiie,
wlhile well-forimied vteeth with caries usually had badly
foinied secoiidary deiitine. Tlhus it would appeal that,
iiot only is the or iginal for mlationi of the teetlh illiportan't
as regar-ds incidence of caries, but that, after full eruiption
amid fotoriiatioii, teeth alter iin their resistanice to a b.acterial
onislauglht accordinig to the diet eaten. Thus a cliil(l miiay
laxve a pooir diet resuilting in badly formed teetlh, but at a
later stage the ealcifviiig qualities may impr-ove anid so
iimcreast the resistance of the teeth to cairies. Simil-arly
well-formiied teeth miavy lose their resistance when time diet
becoml-es defec<ti-e, aiid so becomiie more susceptible to
car ies. The fimial proof that this actually occurried in
clhildreni wa-s also delnionstr ated by May Mellamiby anid
C. L. Pattison, whlo showed that eveni badly forimied teeth
Iattacklied by carlies couiild incr-ease their resistammce to siceh an
extenit that the caroios process was delayed om eveii arrested
if tllese clhildren were- giveni diets very richi in vitaimmimi D
(i rradiated ergosterol)0.4 This addition was maade to tIme
food of omie batch. of children, while ainotielr simiiilar .batch
received tlle samec foo(I without the a(lditional vitamii.
The children receixvinlg extra vitamini D not oeily shiow-ed
great resistance to caries in the soumid teeth as comnlpared
wvitlh the control clmildieii, but in miiany cases tile acti-e
c.allies was actually arrested. (Sections of teetlh shiowiig
arirest of caries pr-oduced by vitamin D were showni by
liltern sli(les.)
|' To t,umm ii):mp Well calcified teeth can be p)roduiced by
lie iii cestion of sumfficiemit vitammiimi D (huirimig the form<atioin

of tlhe teetlh. (2) Well calcified teetlh are less siusceptible
and badly calcified teeth ar e miiore susceptible to comies.
(3) Indepemidemitly of their origimial structure, the ihelmsion
of suifficiemit vitamini D r aises time resistance of teetlh to
car ies almd may even arrest the carious lprocesses, whereas
diets defiienit in this substamice, especially if they contain
nitich cereal, allow a lowered resistamnce to caries amid a
iioie rapi'd development of this conidition.

FOOD AND THE CENTRAL NERVOUS SYSTFM.
It has long been kiiown that- diet has a special r(elation

to the peripheral nierves, and, in particular, that the ,miiti-
ne.mritie-vitamnin oi vitamiii B, is implicated in this res)eet.
I do not, however, wishl to speak on this poimit, b)ut to
describe some results we have obtained in Sheffield whlich

I
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wem to show that diet has. important effects oni the enitral
nervous s-stem in quiite another was. Some of these
result,s are too r-ecent to allow anv definite deduction as
to their practical or clinical significance, bhut they seemn to
me to be sufficiently suggestive to wairrant (lescriptioiihere.
In inv estigating the action of cer-eals on the formation

of bones (experin.lents referred toa.bove) we were imepressed
by the fact thlatsoAwe of the dogs developed sev-ere iiico-
ordination ofnmovenimetTot_enasiad awit andjillwe(l
by weakness of the hinld legfs.'4 Wen the nervous sy-stem
of these animanals was exa.mined histologically by Mar('hi's
method a scattered degenieration of the cord was often
founiid, of such a niatuire that it suggested a subacute comii-
binIed degeneration. On attempting to tr ack down the
conditions associated wfthi tdngi- tile
nervous system we found (1) thaf it bn7ost offen occurs in

aninmals Ireceivigmuch cereal and' e.specially in those
whose diet inclus thee or emi ^-.g grains; (2) that
it is only founid i awiinials receiving a diet deficient in

fat-soluble vitamin s.
In order to come more closely to grips with the problem1,

recourse was made to the use' of ergot in thte diet. Tgh
fact tlt-ergot -Qf ryes produces (legellerative changes iuthe
cord. has lon1g been knoun, ilfor the.se changes have been

(lescribed iibhuman beings aIffected by- nervouis ergotism-
a condition wlhich is very fatal and appears ini epidemic
form ocecasionially in European countries where rve is the
maini type of cereal eaten. Many attemlts have been made

by previous investigators to pr oduce nervous ergotism in.
animals, buit the success obtainied has been very irregullar in
all types of animals, and niobody has understood why such
disagreement in genieral r-esults should( have occurred.
Incidentally, the curio,us distribution of nervous ergotism
in epideiic foirm has never been understoo(d. Oni the whole,
it Rttack8 plr--- e of famine, but., it
pices out, apparently B ithout aany dicriminartin,some
members of a. family annd leaves others unitoulched. We

soon snspecte(l the apparenit reason for this, for degenera-
tive changes in the cord do not depend only on the presence

of ergot in the diet, but also on the absence of a protective
agent of the nature of a fat-soluble vitamiini, probablv
tritanmin A or a closely associated vitamin. Tlhe protective
agent was found to

con'tain-itamin D. If, however, cabbage, which contains
little or nio vritamlin D, or mammalian liver oil (ricb in-A..
but lpoor in D) wa dda_t t i, othehe
cor-d untouclie- tlither suh stan ingvitain A, such
as e;gg vylIC, bhtter, or cod-liver oil, also prvrevet niervouis

ergotism inD (logs. Vitamini D in the for-m of irr.adiated
ergosterol wvill iiot in itself prevent the pathological con-

(litiol. TI'lese results probably afford the explauatioln of
the arbitrary wav in whichl n1ervoiis ergotism (levelops in
huian beings. It (levelops in times of famintie an(d dis-
tress blecause niot onlv is the rye ergotized but poverty

-evenlt.s tIme (-olnsunmltion of suchl l)rotective sulbstances as
milk, eggfs. anId grieeni vegetables. If, however, an individual

has a goo(d supply of vitamin A in the liver ad(l other
&rgans, the nervous changes wuill not I l)o(liced until

these reserves are used ulp. It sees l)r ol)able, therefore,
that orgyotislr of tlhe nervou-s systemi cani be pr evenite(d inI
human beings by the inicliusioni in the diet of sufficient
source.s of vitamin A.
Having fouin(d that the degenerative changes in the corcd

in exl)e-rimental-ergotism were depenidenit oni the absence of
at protec?tive (lietetic factor, attenition u-as again directed
to the action of gra'in emiibrvo and otlher cereals. It was

fouid lpossible to plroduce the pathological conidition by

rye germ uinaffected by tlhe (Cariceps punr1purea. That is

to say, that the nwLerve toxin in ergtotized rye germ is lprescilt
mnerely in exagger ated amiounts as conipare(d with normal
rye germ. 't has niot proved possible, however, to obtain
without fail the nerve degenerationi by meians of pure

grain pr oduiets in all dogs. Some litters have remainied
withouit obvious degenierative changes of the cord -eveii whAen

liet has incelt(led much wN--heat embry-o anid the v-itamiin A
initake hias been small. The negative resullts seem to de.pend
oni tI-he litter of puppies anid not on the specimiens of whbeat
gerim tested. Wl\hat the explanation of thisi lresistance in
famlilies is has niot been ascertained. It may he that in

some eases the maternal (liet has beeni so good as to givb
the resist-ant litters; a, larger reservte of the protective sub-
st.aince (vitamin A) in their livers. Onily further wor-k
ws-ill clear up this pr ohlem.

It iimay be said tlhat, so far as thie experinments can he
,-interpreted, miost cereals examinmed contain this toxic sub-

stancee, e-enll white flourl, huit ther-e is amukelt miiore in the
emlhbryo of the wleat, a fraction of the grain sel)nrate(d
off in the miianuiifacturle of white flouir. Oatmtieal has also
been founiid to conitaini this mie-ve -toxaMmili (1 ave

Mutro(luced the wor(l " toxamin'" to desciibe suibstances
of unknow-An composition which liave liarmfil effects iII
tIme boily and -hichi can be anitagoniized by sp)ecific vitaninis.
See also the anticalcifyiimg toxnmiim, ielf rred to above,
which cani be antagonized by vitamin D.)
The question ow alises, Whatt is the clinical significance

of these facts? So far as nervous ergotismn in miiani is
concernied the iml)ortance of the results described above
is obvious. The tlhee othier conditions best recognized
in which subacute combined (legenier-ationi of the cord
ises are: (a) lathiyrism, (b) pellagra, (c) pernicious

-aniaemia.
(a) Lath yrisnm .-As regards lathyrism, I h]ave had mio

exlperim-iental or cliniical experience of the condition. It
i's a nie rvouis disease ofteni founiid on- a large scale in the
North-Vestern Provinces of In(lia, anid is apparently doie
to ai (liet conitaininig a lar-ge lproportion of lathyrus peas.
Experiments have been carried ouit on animiaias by iauny
l)eople, inelui(ding Acton,' Aniderson, Howard, and Simonsen el
aind Stockniai,7 buit there is considerable discrepancy in
the results obtainied. It seenis to me, on the analogy with
the expleriments quioted above oni ergotism, tlhat tlhiis dis-
-repancy is probably due, In plart at least, to the san.e

cause as that resl)onisible for the frregularitv of the earlier
animal exlpernineiits oni nervous ergotismin-namely, that
tihe nerve degeuerative clianiges ar e delenident on a toxic
substance in the lathyrus peas, biut that the conidition is
prevented if there is a sufficiency of a " pr-otective
substance, in the othier part of the diet. It mav be the
same protective siubstance as in niervous ergotism-namely,
vitauqin A but this is only surmise at the p)resent time.
The hole picture of lativris m, so far as I iuniderstanid it,
suggests, indeed, that the toxic agent of the lathyrus
p)ea is of a sim-ilar niatuire to that of ergot nier ve toxinitit this agaiii is supposition. It is true that Stockmani
produced lathivrisini in a monikey whleni the diet included
one ounce (of fresh cabbage or a little fluit " (laily, blut

fruit wouild be of no valiue as a p)rotective agenit oni tIme
lhypothesis siuggested, anid the amounit of cabbage was niot
oinly sniall bulit thler e is no statement as to how ofteni
this -as given in the food and howu ofteni the friuit. TIme
disease of lathylrism ineeds fiurthier inivestigationi fr om tilis
new angl(e.

(b) P41i/atqra. It hias been assumed that the later in-
vestigations of Goldberger' on pellagra halve cleared ul
completely the etiology of this disease. Tlhere is, in(leedl,
111o question but that, so far as the skini lesioins ar e coni-
(-ernel, Goldberger's work lhas definitely sbowni the im-
1)ortan ce of the pellagra-preventing factor now usual lvkinow-n as vitamin B,. It is iml)ossible, lhowever, to con;-
sider thee neirve deegener ationis in the cord of pellagrimns
togethier wl itlh the results above (iscussed oni the effect
ol cereal and cereal products oni the nervous system withiout
Wondering hether in .pellagra also tIme degeneration of
tile cord is niot associated -with a " toxamin." The alimost
constant associatioIn of a miaize diet with pellagra inicreases
this probability. Is vitamin B2, or the pellagra-preventing
factor, the same suibstanice as the pirotective substance
a,(rainst nervous, ergotism and the cor d degenerationi pro-
duced by cereals in the experiments described above?
Sources of the pellagra-prevenitinig factor in Goldberger's
inwvestigations incluided milk, meat, alnd yeast. So far as
mailk and meat fat .are concbrned them are also sources
of vitamin A, which I have showni is a protective sub-
stance against niervouis ergotism. The one real discrepancy
between Goldberger's results on pellagra aiid miniie oni
nervous, ergoti.sm is that accordinig to himii yeast euires
pellagra whereas it does niot, in myv wvork, prevent
nervous ergotism. Yeast does iiot conitain any vitamin A.
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There has beeni nio suggestioni up to the present that there
is a positive pellagra-producing factor in miaize responsible
for the cord degenerationi, but the results unider discussioni
suggest that pellagra is possibly due to a positive lharmi-ful
factor in certaini cereals, inicluding maize, anid that this
factor' is in niorminal people prevenited friomii lhavinig *its
banieful influence by a protective agenlt of the nature
of a vitanmin ori possibly vitamins, includiiig B, annd A.
1 lhave been uniable to obtaini degenierative changes in the
cor-d by yellow maize. This may be due to the fact that
it contains. vitamiiin A, or rathier carotinie, whichl acts
in the same wav as vitnmin A.

(c) Cord Deqetieration in Pe rnicious Avaentia.-The close
relationisliip of the coad degenerationi fouiind in pei-niciois
alnaemia and thle clhanges produced by cer'eals inl dogs ill
the absence of vit uin_A suggests a. similarity inetiology.
Tlere is a fulrther coincidence wllichl is in line withl this
QZto view. Prniciolo anacemia .is .braLiglt under .-control

b aver aiad water-so.luble extracts of liver. The nierve
(lege-nerationi- of: ergotism anid that produced by wlheat gerim
or elI)bryo (nll be p)reveiited or, if developed1, the condition
gr-eatly imiproved by tlle fat-soluble portion of liver. In
my_ experienec the blood clhaniges in pernicious anlaemiiia
canniiot be cured by the fat-solublo portion of liver. Onl the
othler hand, it lhas beeen recertlv claimed by UJngley and
Suizmail5 tllat tihe nerve symptonms of pernIicious anaemia
can be greatly imiiproved by feedinig whole liver. If so,
it seems probable, that it is the fat-solable. portioni wlhich
exerts this effe&ct oln the cord. It is possible that both tlei
blood clhaniges aild tlle cord degenierationi in, ])ernicious
anaemia are due to failure oii the part of the liver, the
blood colndition being due to tlhe exhaustioni of somI1e
specific water-soluible substance and the cord chianges to
a deficiency of a specific fat-soluble substance, maylbe
vitamin A as discussed above. Only futl ork vill
show wlhether pernicious anae ia has a positive dietetic
caTifEtioTr-simil-r to that found in cereals wllich lproduces
nierve degeneration. It is interesting, hoiwever, to sl)eculate,
o01 the basis of thie resiults described above, as to what
extent these expelimental mietlaods of p)raducing anid pre-
ventiaig p)athlological chiaaiges in the cot-d bv dietetic aineans
will pr-ove to be of l)ractical valuo in aiding thio solution of
problemus of disease comIm1]1onily- foIund in mioanl.

THE PREVENTION AND CURE OF SOME INFECTIVE
C'ON'DITIONS .

I wish iow to pass oni to aniotlier aspect of this sub)ject of
(liet and disease. So far I liave dlealt withi the prodtiction
of pathological chlianges in various organs by substances
actually lpresenlt in foo(d ai(l thie preveaition of thlese chialnges
by other " protective " food elements. I shiall niow deal
with patliologicalI comiditioias produced by the inivasion
of the body by certain mnicro-orgaaismis aul(i a mnCetlaod of
ipreventing tllis invasion by specific dietetic meanit. This
subject, again, is too niew to allow aiy great claims to lie
m.a(le as to thie extenit of its. possible app)lication7, but the
resilts obtainaed sCeelil to me to be sufficiematly definite to
wNarraat thle belief th;at ultimnately it will pirove to be of
great importance as a metans of iraisilag the resistanice of
the body to pathogeniic miicre-or(ranisilms cand of gaininog an
insighit into the subject of immuniity.
Everybody wlio has beeni inaterested in the experimental

side of dietetics and nutritioni must have been struck by
the susceptibility of animtlals to infection when eating
defective diets. I called attentioni to thlis fact'so long ago
as J919.9 At a later stage I becamiie more iliterested in the
subject as tile result of ani experieance ini thle laboratory
in whlichi a large unuber of exp,eriment.al dogs died of
broalico-pame'naonia.10 At the timlie my interest was par-
ticulally centred round(I bone calcification, but the inacideice
of the disease showed that tlhe Iluing infection and(I thle
conidition of the bonies were iildepeln(leit, althiouOh bothi
were related to fat-soluable factors. In otler- words., thla
susceptibility to luiig inifectiouis diid not depen(l oni the
absence of vitamiaii D, but probably oni the absence of
ritamin A. These results Werle puablislhcdi in 1926.10
More recently we hiave silowi that young r,ats fed oii

a diet wlich, so far as is kniown, is colliplete except for
vitamin A, die in the course of six to fifteeni weeks, anid

oni post-iioiteni examiinationi are founad to lhave dleveloped
onie or milore abscesses in different parts of the body. Thle
elationi of vitamiini A deficiencev to xerophtlhalmia has

beeni knowni for nmaiay years, but our aniimals develol)ed
many otlher septic conditionis, sometimes without aiay
xeroplhthaliia. Tile iaiore commiion seats of infectioni in-
cluded the base of tile tonigue, the niasal sinuses, the mididle.
ear, the lungs, the kidneys and bladder, thie alimentary
tract, and maniy other places. It Was3 slown so long ago
as 192211 by Mori thlat a peculiar effect of vitamiai A
deficieicy is to produce various formi.s of hyperplasia of
epithelium, anid it is at these seats of hyperplastic chanage
that the iilfective condition develops. More detailed
facts of the relationi of vitamin A to inifectioni in rats
and tlhe laistory of the subject can. be read in a paper
pllblislhed by H. N. Greeni and nmyself in the British 3Medlical
.Joirical in 1928.1' It may be said tilat if sufficieatt
vitamiiiii A is giv-eni to these animals after havinig de-
v-eloped tlho iiafective condition recovery is often brought
about. Oma th(3 otlher hand, the inclusion of this vitamiiin
in the diet prevents the development of the patlhological
state.
We weree so imlpressed bv the results of the animlal

eN-\perilnen)ts that Ga-eeon andl I determinred to see svlletlier
vitamiiin A played any part in the resistance of the humian
b,,ody to infectioia. Jt seemeed at first sight that tlais
iiotild pr-obably be the case, becauLse not only are thle lesions
produced ill 1ats very conimiio iii people in England-for
exanlple, septic niasal sinuses, middle-ear disease, geinito-
uriinary inifections, and pnelluloilic conditions-buit tie diet
in tlhis country is lar gely cer eal amid notoriously deficieait
in vitanmima A. The (lifficlllty was to find a disease due to
baecterial inivasiomi thle investigation of wlhich would vield
esults, definitely positive oi' negative, in' a reasoniable

time. Most coimniioia illfective con-ditions recover in aniy
case, and in pneunjsnia the results are variable whatever
tile treatmenlt. We decided to study the actioma of
vritanliin A ill puier peral septieaneniia, a disease -in -which
the mortality rate is lnormally so hiigl thlat a rapid
decisiomi coull(l be made as to the effica'cv of the treatment.
As a coiltrol series of cases we took those patients wlea
lad enlte'red the institution wohere the in-vestigation was

Icariied outt, ill thle two years prior to tile new treatmlelnt.
In thise tw-o year s 22 patients liad been iadmriitted
fr om whlose bloo(d a growvth of liaemolytic streptococci
lhad beeni obtaiiied. Of these 22 patieaits 20 died, giving
a mortality rate of 91 per cent. From the begimallinlg w-e
have treated witli vitamin A 9 similar cases, amld of these
8 have made com1plete recoveries. Tlhere hlave also beeii
tw -o otlher selticaeniic patients, one witlh ama imifectioni of
Boacitls coli, whlio recovered, and tile otlaer witla a stfaphlrlo-
coccic illfectioll, wh-lo died. Thlus, of thle total 11 cases,
2 laave died, givinlg a mlortality rate of 18 p)er cemlt., as
coalpared withl the miiortality rate of 91 per cent, in tlao
coiitiol groupl). Time results can be readily seemn in the
followimlg table.

Hat
C(

P I -1

Stal

Cointrol Group of Cases.
Type of Blood -

Infection. MNO. Deaths. ortality
No.Daths.

Rate.

ellolytic Slrpetc)- 22 20
occi
-illns coi ...

,i)'1VlOCc'CC113 .. 0

Totil 22 20 52%

Vitamini A Treated CaFes.

No. Deths. Mortality
NoD R~~l,ate.
9 1

1

11 2 18

It is trite thiat the numiiber of cases treated withi lam-gfe
doses of vitamima A is ilot slmfficieiitly gr eat to allow tile
deflilite clainl tilat this sulbstallce is a specific remcdy
for putierperal septicaenili. Nor were tile cases of tlle
initeiase fulmnimlatiaag type sornietimes met witil in thais

coliditioD. 011 tue otler lhlaid, w-e tliiiak tliei' is str'ong
evideiace, especially takeli ill coljllalctioii witli tile amaiiinal
results, that v-itailln A lias a defimlite effect in iaising
the resistamnce of tile body, bothi huiman amid ammimal, to
bacterial agencies, amid tilat, ini its absence from or
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deficiency in the body, the resistance to inifectioni of this
type is greatly dimiiiished. It is obviously necessary-that
this work'3 shouild be repeated on a larger scale an(d
extended to the treatment of other infectiVe conditions,
for its practical importance, if established, cannot be
exaggerated.

W'hat value these ressults, if estahlished, m11ay have to
medical ien in Africa is for you- to determine. Tlhev may
point to a method of reducin-g the ligh} imiortality- rate in
pneumoinia amiiong the niatives as well as amolllg Europeans.
If it does act cuiratively in this condition, the probabilit
is greater that the inclusion in the norlmal diet of sufficient
quantities of vitamini A will prevent the disease as w-ell
aS othier infectionis of a similar bacterial nature. Ri-icL
sonrces of vitamiiniA are egg yolk, mamnimalian liynr-co
liver oil, and there iS soe in ei-1 oS,g-e1e vegetables,
milk,- butter, and suet. It may be well to add that
vitamin A is a very iunistable substance a(lI is apt to
disapp-war rapidly, especially in Ihigli coincentrationS.

I lave endeavoure(d to supply youi w-ithl evidence, botli
experiiiental an(d clinical, w-hiicl slhow7s how imiiportant is
this subject of the relation of diet to disease. In par-
ticular, I lhave tried to demonstrate that food includes
both harmful aid p)rotective conistitueents. In so far as
the harmful stibstatices menitione(l are in the food itself,
it appears that theyT can be neutralized in thieir action bv
the protective agenicies. The p)rotective agencies are of
the nature of vitamins, an-d the two I have specially dealt
with are vitamins A anid D. The harnmfil factorst are
niostlv associated with cereals and cereal products so far
as presenit kniowledge goes.

I wish especially to emi-iphlasize that this subject is only
in its inyfanc, and that many of thle facts I have dealt
with helre have still to he investigated more closelv,
partly because it is imnpossible as yet to (ecide wA-hat is

their truiie clinical significance, aid lpaltly becavise there
is nio ImliowIdgel of the m1etlho(ls by which these substances
exert tlheir effect. So far, as vot in1 Keniya are concerned,

seems to me that these (lietetie problems, esp)ecially
tlhose concerningo the 'toxiC action of cereals, m1axv lhave
sp)ecial signiific-ance, for J canniiot believe that y-ouir native
popu-latiol w-ith its high cereal diet comipletely esicapes
those effects. It is trite that the sunshiine to which the
African native eXI)oses him.self mlust ten(d to neutralize the
anticalcifying effect of miaize bv siupplig vitamiin D, but I
should expect tlhe niative whlo w ear Europeanl clothing,
especially in childhood, aud( riemainls oni hiis mlaize. (liet to
suffer- a(cordind'igly. Simiiilar-ly it seems to me probable that

deficiency ofi vitamiinl A miglht be present in mnanyv
native (liets, esp)ecially in tlhe towns, and that pathological
results wotild follow. I shlall be initer ested to hiear of any
iiivestigations w-hich may be ma,de in the futuire to see
w-hether tlhese; hypotheses hiave a bearinlg Ol anly of thle
probtems of (lisease in Africa.
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IT is only recently that the subject of coronary occlusion
lhas attr acted the attention of clinicians, in this countrv.
UTntil a few vears ago it liad generally beeni regarded as
of puri-ely pathological interest, as onie of the lpossibJle
causes of sudden deatlh; but wie now know that mnanyv of
these patienits survive, anid that the symptomn com11plex
is oftejn so clearlv (defined that the diag11nosis duiiring life
presents 110 (lifficuiltv.

1-NCIDENCE.
The cond1itoion is by no menans rare. Duingi1 the past

two years I hiave seen1 23 cases in 1)rivate p)ractice. This
series,* thOUgh small, will, I think, stuffice to ilfilstrate
most of th1e clinical featur1es to which t wish to refer.
I shall also include on1e other case (Ca-;.e i) whicheli presen}ts
certain points of spoeial iiit'irest. Botlh the sex andl the
8ae iiiciderice inl m, ser'es agree fairlv closelv with that
rep)orted by other workers.
The p)re )ollderlance of males over females sugg^ests tlnat

mental and physical strain miiay be important etiological
factors. The agre in-cidence coincides with that of the
degenerative Period of life, an-id tlhis is whlat mighlt he
exeted, sillnce nflither sp-Ph ilis nior- rheiinmatic in fctio
appears to play alny significait part in the etiology. It is
curious that syphilis; i not a 10 O1e coimmioi cause of
coronary occlutsion, silne(' the first part of tlhc norta is so
fre,quiently inv-olved.

*Thlis serips is one of several gronips of cardliae eases tihe after-bistories
of wlhiclh are being followed up on behalf of the Medical Research Cotincil.

TABLE I.-Age and Stx Inciden)ce.

.Bramwel l. Levine.s Parkinson and
Brarnwll. Leine.8 Bedford.4

Age.
Over 70 ... ... ... 3 14 10

50-69 ... .17 99 68

IUnder 50 ... ... 4 72 22

Sex.
Male . .. ... 18 111 93

Female ... .. ... . 6 34 7

Total. .... 2 145

CLINICAlT FEAT-UtRI_ES.
Let miie begin by recounting the clinic-al finidinigs in two

typical cases.
CASE I.

A manl, aged 53, who had alwayis lived an exceptionally lhealtbh
anid abstermious outdoor life, after a' hurrifed luinchl wvent out to
play golf., When walking downlhill to the sixth green he experieiiced
a sen-se of fullness anid discomfort in the chlest. At the iiext lhole,
wlhiel was an uiphill slope, -his discomfort increased, and hie had
to give uip and walk lhome. Tile pain spread down the left arm to
the little finger, and continued to increase in severity in spite of
his goinig to bed. His doctor saw hiim at 4 p.m. and gave amyl and
ethlrv nitrite and a quarter of a grain of morpliine. This, however,
failed to bring any appreciable relief. The pain persisted. During
the niight it began to inivolve thle other arnm, aind it was not iuntil
the following afiternoon that it became easier and graduallv
passed off.
When I saw him, teni days later, although lhe had had no recur-

renee of the pain since the day following the atlack, he still looked
ext Xienely ill anld careworn. He walked and behaved like an old
maln, obviously afraid that the least exertion nmight precipitate
anlothler attack. On physical examination the hear-t was slightly
enlarged. The second sound was unduly resonant, in the aortic area.
The retinal arteries showed atheromatous changes. The blood
pressure was raised (systolic 180, diastolic 105). The urine contained


